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Summary 

Calculations  were  performed  by  two  group  methods  to  determine  the 
critical  concentration^  neutron  balance  and  conversion  ratio  in  a  two-region 
reactor »  The  reactor  had  the  following  geometry:  a  four  foot  diameter 
spherical  core  of  uranyl  sulfate  dissolved  in  heavy  water  is  contained  in 
a  shell  of  stainless  steel  surrounded  by  a  two  foot  thick  spherical  blanket 
containing  thorium  and  heavy  watero  Two  stainless  steel  core  shells,  l/8 
inch  thick  and  l/k  inch  thick  were  considered*  For  each  core  shell,  three  con¬ 
centrations  of  thorium  were  supposed:  1000  g  thorium  per  liter  (as  a  slurry 
of  thorium  oxide),  4218  grams  thorium  per  liter  (as  pellets  of  thorium  oxide), 
and  7000  grams  of  thorium  per  liter  (as  spheres  of  thorium  metal).  For  cal¬ 
culation  purposes  the  thoriimi  distribution  was  considered  homogeneous  in 
all  cases.  Further,  it  was  assumed  that  the  reactor  was  free  of  poisons  and 
that  no  multiplication  occurred  in  the  blanket.  Thus,  the  only  materials  con¬ 
sidered  present  were  uranyl  sulfate,  heavy  water,  stainless  steel,  and  thorium 
(as  oxide  or  metal).  A  coii^)lete  tabulation  of  results  is  to  be  found  on  page  I5. 

Theory  of  the  Calculations 

1.  Introduction 

The  calculations  were  perfomed  using  the  methods  and  nomenclature  of 
S.  Visner  (CF-51~10-110)«  Since  the  process  by  which  the  calculation  sheets 
displayed  on  pp.  51  ff.  of  that  report  were  obtained  is  discussed  in  outline 
only,  the  authors  of  this  memorandum  considered  it  useful  to  provide  readers 
with  a  more  extensive  treatment.  Much  of  the  material  presented  here  was 
obtained  by  private  communication  with  Br.  Visner.  Considerable  reference 
was  made  to  "The  Elements  of  Uuclear  Reactor  Theory, "  by  Glasstone  and  Edlund, 
Chapter  VIII. 
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The  procediire  used  vas  the  following:  the  differential  equations  for 
the  fast  and  slow  fluxes  in  the  core  and  blanket  were  written^  The  boundary- 
conditions  used  were:  1)  continuity  of  fast  and  slow  fluxes  at  the  inter¬ 
face  between  core  and  blanket;  2)  vanishing  of  fast  and  slow  fluxes  at  the 
outside  edge  of  the  reactor;  3)  continuity  of  the  blanket  and  core  fast 
currents  at  the  interface;  ii-)  a  balance  of  slow  currents  at  the  blanket-core 
interface  to  include  shell  abso3:p)tion;  and  5)  finite^  non-negative  fluxes 
exist  everywhere  in  the  reactor*  Given  the  reactor  dimensions^  the  necessary 
cross  sections,  and  core  and  blanket  compositions,  it  is  possible  to  calculate 
the  permissible  thickness  of  the  shell  which  will  allow  criticality*  The  flux 
distributions  were  obtained  in  terms  of  the  radius  variable  and  a  multiplicative 
factor  A,  whose  magnitude  would  depend  upon  the  reactor  power*  We  then  can 
calculate  a  neutron  balance  based  upon  one  neutron  being  absorbed  in  an  atom 
of  1^35. 

This  balance  gives  us  the  conversion  ratio  (atoms  of  produced 

per  atom  of  1^35  destroyed)  as  well  as  fast  and  slow  leakages  and  absorptions* 
While  no  calculations  were  made  to  include  effects  of  poisons  and  blanket 
multiplication,  it  is  possible  to  consider  such  factors  given  the  information 
contained  here* 

2*  Per j-yat ions  (See  table  of  nomenclature,  p*  l6  ) 

A*  Core  equations 

The  usxxal  two  group  equations  are  written  for  the  core: 

2 

“^FC  ^  ^FC  “  ^sc  i^sc  ^  (^) 

2 

"“^sc  ^  0SC  ^sc  ^sc  ^FC  ^FC  “  ^ 

The  assun^tion  is  made  here  that  the  resonance  escape  probability  for 
the  core  is  unity,  since  the  core  solutions  have  a  very  high  moderator-to-fuel 


ratio* 


J- 


We  note  that  If  ve  eliminate  <fs-^  loetween  equations  (1)  and  (2)  we 
obtain  the  equation: 

Psc  Dpc  V  *'•  0 


^sc 


.  JL 
sc 


Dsc  wn  .  T^ 
^  +  %C 


sc 


—  — ~ 

V  ^  0  + 

'^sc  ^ 

I.  .1 

kc 

If  we  eliminate  0^^  between  (1)  and  (2)  we  obtain: 


Dhp  Pffp  V  0  1 


^c  2:sc 


FC  -  > 


+  Dpc 

-^SC 


^  ^  ^FC 


“  1 


-^FC  ^FC  “  ^ 


The  coefficients  in  (3)  are  identical  with  those  in  (4)e  We  may  rewrite  (3)  and 
(4 )  as  follows : 


®Fcd 

^sc  ®sc^ 

•n  2 

BpC 

^SC 

=  0 

(5) 

♦  [i  -  >>3 

Bpc^ 

FC 

=:  0 

(6) 

where  ^  (See  Glasstone  and  Edlund,  p*  228,  241) 

*  G  “^FC 


B 


sc 


sc 


(7) 

(8) 


'sc 


Equations  (5)  and  (6)  may  be  factored  as  follows: 
(V  v2  +  b.^2)  0^^  ^0 

+  Bic^)  =  0 


Brc^  +  Bi?p^ 


where  Bj-c  =  R  +  2 


Bic^  =  R- 


Bec^  +  Bpc^ 
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(9) 

(10) 

(11) 

(12) 

^13) 


R 
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Solutions  of  the  four  vave  equations: 


o 

II 

OJ 

o 

1 

o 

CVJ 

> 

(14) 

0  -B  ^  0or  =  0 
^  ^sc  rc 

(15) 

^  ^  J^PC  +  ®ic^  ^FC  =  ° 

(16) 

+  Bi/  iZigg  =  0 

(17) 

are  solutions  of  the  original  equations  (l)  and  (2).  Thus,  the  sum  of  solutions 
to  (l4)  and  (l6)  is  a  solution  of  (2)  and  the  sum  of  solutions  to  (15)  and  (17) 
is  a  solution  of  (l).  We  note  that  the  solutions  have  the  form: 

=  -  sin  Bj^^r  +  ^  cos  Bj^r  +  1  sinh  By^r  +  ^  cosh  B^-^r  (l8) 

i^FC  “  ^ic’^  cos  B^gr  +  sinh  Bj,(.r  +  ^1*  *  cosh  (19) 

As  r  approaches  zero^  terms  containing  cosh  and  cos  become  infinite  vhile  the 
others  approach  finite  limits*  Since  by  the  boundary  condition  (5)  stated  in 
the  introduction  to  the  derivation,  the  fluxes  are  everywhere  finite,  the 
coefficients  A*,  B*,  A***,  and  B'**  must  be  identically  zero*  We  have  then: 

^sc  ®  ®ic^  §  sinh  B^^r  (20) 

=  ^11  sin  sinh  (21) 

Only  two  of  the  constants  A,  B,  A’*,  B**  are  independent.  Since  permissible 
solutions  of  (2)  are  |  sin  B^^r  for  ®ic^  ^ 

substitution  in  (2)  that 


and  in  similar  fashion 
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B.  Blanket  equations 

The  hleinket  equations  are 

v"  +  |  ^  >Isb  =o 

^  ^  ^SB  "  ®£B^  ^SB  ^  ,3^  011B  =  'I 


Note  that  the  resonance  escape  probability  is  not  neglected  in  the 


blanket* 


2 

"ffi  ■  * 


1  _  ^  KB 

Tb  ” 


= 


SB 


In  obtaining  solutions  to  (24)  and  (25)  the  procedure  is  similar  to  that  used 
for  the  core  eqiJiatlons*  Two  fourth  order  differential  equations  are  formed 
by  substituting  0^^  from  (25)  into  (24),  and  by  substituting  0^^  from  (24) 
into  (25)*  These  are  solved  in  the  same  manner  as  the  core  equations  to 


yield; 


^SB  “  i"  ®iB^  +  F“ 


G*  * 

+  cosh  Bj-^r 


“  ""f"  ®iB^  ■*'  ^  y  *  *  ®iB^  sinh  B^^r 


(jf  f  I  f 

+  — j —  cosh  Bygr 


_6.. 


s  = 

Note  that  since  kg/pg  <11  and,  by  (26),  ^  ®  always  less 

than  * 

We  note  now  that  the  fast  and  slow  fluxes  vanish  at  the  extrapolated 
radius  of  the  reactor.  Since  this  radius  for  a  large  reactor  is  very  close 
to  the  actual  radius,  little  is  sacrificed  in  accuracy  and  a  considerable 
saving  of  labor  is  achieved  by  saying  that  the  flux  vanishes  at  the  actml 
outside  radius*  Hence  ' 


^SB  ~  ®1B  ^  r—  ®iB  ^ 


sinh  B 


rB  ®2 


cosh  Bp3  ag  =  0 


0p^(r  =  812)=  sinh  Bjjg  cosh  &2  +  sinh  B^.^  a^ 


+  -g- —  cosh  B^'q  9l2  -  0 


We  now  establish  the  coupling  coefficients  between  E*  and  E*’*,  E**  and 


E***'>  G*  and  G’*’*  G' ’  and  G”^**  We  know  that  permissible  solutions 
of  (2*f)  and  (25)  are  —  sinh  Bi^r  and  — —  sinh  B^^r  for  slow  and  fast 
fluxes  respectively*  Since  0gB  =  ®iB^  i^SB^  result  of  the  factoring 
process  upon  the  fourth  order  equation  in  0-^)9  (25)  becomes: 
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—  siiih 
sinh  Bj[3r  =  0 


E*  ’  • 


£se 


E'  =  CigE' 


Similarly  ve  ottain 


,,,,  _  M 

~  \P2„ 


OrB  G” 


Now  let 


E'  =  -E  cosh  Bj[gJ 
E'»  =  E  sinh  B^jgJ 
G*  =  -G  cosh  BpgK 
G"  =  G  sinh  Bj-bK 

Then 

jzSgB  =  5  sinh  B^3  (J  -  r)  +  I  sinh  B^b  (K  -  r) 

j  E  Q. 

J^EB  =  O'iB  r  ®iB  (J  -  r)  +  -  sinh  Bpg  (K  -  r) 

¥e  know  that  jiigg  =  =  0  at  r  =  ag.  Therefore 

E  sinh  Bjb  (J  -  ^2)  =  "  G  sinh  B^g  (K  -  ag) 

E  sinh  B^g  (j  -  ag)  =  a^B  G  sinh  B^b  (K  -  ag) 

E  sinh  B^^  (j  -  ag)  =  Oj^g  E  sinh  Bj|^  (j  -  ag) 


(37) 

(38) 

(39) 

(40) 

(41) 

(42) 

(43) 

(44) 

(45) 

(46) 

(47) 

(48) 

(49) 

(50) 


Since  and  ol^-q  are  necessarily  unequal,  J  =  a^  if  E  is  not  zero. 
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If  E  were  zero,  it  follows  that  either  G  is  zero  (a  trivial  solution)  or 
K  =  a^.  In  general  both  G  and  E  will  be  unequal  to  zero.  Hence  J  =  K  -  ag 
and  we  have 

0gp  =  —  sinh  Bjb  -  r)  +  G  slnh  (ag  -  r)  (51) 

OD  p  y 

^  E  sinh  B^j  (ag  -  r)  +  slnh  B^g  (bq  -  r)  (52) 

3.  A-p-plicatlon  of  Boundary  Conditions  at  the  Interface  Between  Begions 
Since  we  assuzne  continuity  of  the  fast  and  slow  fluxes  at  r  ^  a-j^  we 
obtain  the  two  equations 

A  Sij.  +  C  Src  -  E  Sjg  -G  Sj.g  =  0  (53) 

^  A  S^g  +  aj.g  C  Sj.g  -  ajg  E  SjB  -  OrB  G  Sj.g  =  0  {3h) 

We  assuiae  next  that  the  difference  between  the  slow  current  in  the 
blanket  and  the  slow  cuirent  in  the  core  at  r  =  a^  is  equal  to  the  nxanber  of 
neutrons  absorbed  per  sqiaare  centimeter  of  shell  surface  per  second: 

(55) 

OJhis  leads  to  the  equation 

Dsc  ^  {  ^iC  *  ^®icj  +  %C  °  (°rc  +  PSrc)  -  DgB  (^  Cjg  +  G  Ctb)  =  0  (5^) 

We  next  say  that  the  fast  currents  in  core  and  blanket  are  equal  at 
r  =  a^^.  Biis  yields  a  fourth  equation 

®rc(«ic  A  Cjg  +  C  aj,g  Crc)  -  aiB  CiB  +  G  “rB  =  0  <57) 

If  we  have  specified  the  compositions  and  dimensions  of  the  core  and  the 
blanket  we  have  in  equations  (53 )>  (5^)^  (5^)^  and  (57)  s-  system  of  four 
homogeneous  equations  in  E,  and  Go  To  have  a  consistent  set  of  solutions 

for  these  unknowns,  the  determinant  of  the  coefficients  must  be  zero*  This 
is  the  critical  equation  for  the  reactoro  If  we  set  the  determinant  equal 
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to  zero  and  solve  for  p,  we  obtain  after  some  algebraic  manipulations: 

^  °  yT^  (58) 

This  enables  us  to  get  the  shell  thickness  which  will  allow  the  reactor  to  be 
just  criticalo 


Dividing  {53),  (54),  and  (57)  by  A  gives  the  system 


Src 

9.  s 

A  ^IB 

E  0  G 

■  ®rB  A 

=  -  Sic 

(59) 

«rc 

S  ^ 

®rc  A 

“  “iB  SjB  f 

-  aj.B  Sj.g  j  “^ic  ®ic 

(60) 

«rc 

c  - 
^rc  A 

"  “iB^^  *^iB 

1  -“rB  ^rB  f  ="«ic  ^ic 

(61) 

C 

A 


C 

A 


-Sic 

-SiB 

-SrB 

-“ic  ^ic 

-“iB  SiB 

-^B  SrB 

-«lc  Sic 

-®iB  ^ 

Sj.B 

Src 

-SiB 

-SrB 

«rc  Src 

-®iB  SlB 

-<^B  SrB 

^rc  ^rc 

-^'iB  ^  SiB 

1  11 

®ic  “IB  «rB 

~^lc  ^IB  ^rB  ^  °^lc  ^Ic  ^iB  ^  ^  ^rB 

®rc  ®iB  ®rB  I  1  1  1 


rc 

0±B 

“rB 

0 

0 

®iB*^  ^IB 

«rB 

<=r^ 

(62) 


(63) 
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c 

A 


m 


0 

O^ic 

0 

“rc  -«rB 

“rc  ^rc  ^rB 


“iB 


“rB  ““iB 

PrB  -°1B^  ^IB 


TB 


“IB  "“rB 

“ib'^  ■*^“rB  '^rB  ^  ®rB  ^rB 


C  _  (eg  -  ai)  _  Z 

A  “  Spc  (B1  -  chj  “  Syg  Y 

In  similar  fashions 


1  =  Hie  “ 

A  SiB  Y 


£  =  §i£i 
A  .Srs 


N 

Y 


(65) 

(66) 
(67) 


Calculation  Procedure 

!•  Nuclear  Constants 

The  nuclear  constants  used  were  the  same  as  those  cited  by  Vlsner  in 
CF-51-lO-llOo  Material  constants  derived  from  these  were  calculated  by  the 
methods  described  thereino  For  the  present  purposes,  it  was  assumed  that 
there  were  3^  voids  in  the  coree  It  was  also  assumed  that  whatever  the 
blanket  material  considered,  it  would  be  in  a  sufficiently  dispersed  form 
to  allow  the  blanket  to  be  thou^t  of  as  homogeneous  o 

The  constants  used  for  the  various  blanket  materials  are  listed  in 
the  following  tables  The  assumed  temperature  was  250°Co  The  moderator 
was  heavy  watero 
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1000  G  Th/l 
(slurry) 

4218  g  Th/l 
(Th02  pellets) 

”7000  g  •m/l 

(Th  metal  tails) 

Dgg,  cm* 

1.152 

1.01535 

0.984568 

cm. 

1.429 

1.05018 

0.966684 

cm.  ^ 

4.619  X  10*3 

14.11516  X  10"3 

20.9612  X  10“3 

Tb> 

18608 

256.508 

274.66 

SsB' 

13.526  X  10'3 

56.95894  X  10'3 

94.4914  X  10‘3 

The  large  number  of  significant  figiiree  shown  were  employed  only  to 
insure  a  hi^  degree  of  consistency  in  the  calculations^  and  are  not  in¬ 
tended  to  convey  any  false  in5)resslons  concerning  the  accuracy  of  the  constants* 

The  stainless  steel  shell  was  estimated  to  have  a  macroscopic  cross 
section  of  0*l83  cmo“^  at  250®C. 

The  ThOg  pellets  were  assumed  to  have  a  density  of  8  g/ca?  and  that 
the  blanket  was  composed  of  6o^  ThO^  and  40^^  heavy  water  by  volume*  Th 
metal  density  was  taken  as  11*664  g/cm3  and  the.  metal  balls  were  also  assumed 
to  occupy  6o^  of  the  blsmket  voliame* 

2*  Procedure 

lypical  calculation  sheets  are  displayed  on  p*  51  ff.  of  CF-51-10-110* 

We  find  a  value  of  3  (equivalent  to  finding  a  shell  thickness)  such  that  the 
determinant  of  the  coefficients  of  equations  (53)^  (54),  (56)  and  (57)  is 
zero*  This  value  of  P  is  given  by  eqiiation  (67)*  We  repeat  the  calculations 
until  we  find  the  desired  shell  thickness,  changing  the  core  concentration 
in  the  process*  For  exaxi^le,  in  our  work  we  wished  to  find  the  critical 
core  concentrations  corresponding  to  shell  thicknesses  of  1/8  inch  and  l/4 
inch*  Several  core  concentrations  were  guessed,  and  the  corresponding  shell 
thicknesses  were  coraputed*  Then  by  extrapolation  or  interpolation  the 
value  of  the  core  concentrations  corresponding  to^  I/8  inch  and  l/4  inch 
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thicknesses  vere  obtained* 

At  this  point,  the  calculations  can  be  subjected  to  two  checks: 
equivalence  of  fast  fluxes  in  core  and  blanket  at  a^,  and  equivalence  of 
slow  fluxes  in  core  and  blanket  at  Ohese  are  obtained  from  the 
equations: 

Y  =  M  +  N  -  Z  (slow  flux)  (68) 

+  ps^c)  C  -O-g  (CiB  E  +  CrBG)  =  "PSic  flux)  (69) 

To  calculate  the  neutron  balance,  the  reactor  is  said  to  operate  at 
that  power  at  which  A  s  1.  At  this  power  we  calculate  the  volume  integrals 
of  fast  and  slow  flux  in  core  and  blanket.  These  are  multiplied  by  the 
macroscopic  cross  sections  of  the  materials  in  the  reactor  regions  to  give 
numbers  of  neutrons  absorbed  per  second  per  cm^  in  qo,  Th,  etc. 

H&Ting  these  numbers,  the  leakage  rate  and  shell  absorption  figures,  we  can 
calculate  how  nany  neutrons  are  absorbed  or  leaked  in  any  fashion  per  neutron 
absorbed  in  an  atom  of  U®35,  The  sum  of  all  these  numbers  gives  a  final  check, 
for  the  total  number  of  neutrons  absorbed  or  leaked  in  any  way  per  neutron 
absorbed  in  tnnst  equal  the  number  of  neutrons  produced  by  fission  per 

absorption  of  a  neutron  in  U^35„  This  last  is  sinply 

rj  -  (25) 

(.  r,  (25) 

where!/  =2.5  and  the  cross-sections  are  thermal. 

Ihis  last  check  is  valid,  provided  the  reactor  is  thermal,  as  is  assumed 

in  the  calculation  of  k  . 

c 

The  necessary  formulas  for  calculating  the  neutron  balance  are  easily 


derived: 
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1.  Shell  ahsorption.  (It  is  assumed  that  the  shell  captures  only 
slov  neutrons* ) 


fee  (“l)  - 


h  ®le  *1  *  ^  *1 


j. 


For  A  e  1> 


Shell  absorption  =  It-jt  Xga  ^sc  ^“'l^ 
=  PDgj.  [s^j.  +  C  Sj.^ 


Since  the  kit  cancels  out  when  the  balance  is  calculated,  it  was  dropped 
in  the  calculation  sheets  of  07-51-10-110® 

2®  Leakage  of  fast  and  slow  neutrons® 

Kor  the  slow  fluxs 


.  5aB 

2 

dr 

(74) 

=  ^  ■■ 

r  £§2. 

2 

dr 

(75) 

It  is  assumed  that  no  neutrons  "^ich  leave  the  reactor  ever  return 
Combining  (74)  and  (75)2 

Positive  current  of  slow  neutrons  at  a^  =  ^sB  , 

Total  slow  leakage  =*  (r  = 

We  cannot  say  here  that  (sq)  =  0,  but  we  use  the  more  exact 
for  the  flux; 

^sB  ”  y  sinh  (a^  +  Eg  -  r)  +  y  sinh  Byg  (a2  +  Eg  -  r) 

Hence 

Slow  leakage  =  i  a2  (E  sinh  Eg  +  G  sinh  By^  Eg) 


(76) 

formula 
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In  similar  fashion  we  may  obtain 
S^st  leaiage 

»  I  ag  (E  sinh  G  sinh  E^)  (79) 

Note  that  the  4jc  is  dropped  from  (78)  euid  (79)  as  it  was  from  (73)* 

3.  Integrated  fluxes* 


^sc  = 

y  + 

C  Cpc 

(80) 

®ic^ 

Brc^ 

^PC  “ 

-  aic  + 

arc 

C  Crc 

Brc^ 

(81) 

PSB  = 

E 

T  (B3  *2  + 

0 

1 

^J“ 

r  (BrB 

*2  +  Cj.b) 

(82) 

Fjb  = 

- 

E 

(BiB 

*2  +  Cjj)  - 

0=|-S, 

Brs"^ 

(BpB  ®2  ■*■ 

(83) 

Ihese  were  obtained  merely  by  integrating  the  flux  equations  (20),  (21),  (51)^ 
and  (52)  over  the  proper  reactor  regions* 
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table  OF  NOMENCLATURE 


1.  V 


Laplacian  operator*  In  spherical  coordinates  vith  no  angular 
dependence  equal  to 

_2_  _d_ 

S?  r  dr 

Radius  variable,  cm. 

Fast,  -^lux  in  the  core,  neutrons  per  cm?  per  second. 

Slow  flux  in  the  core,  neutrons  per  cn^  per  second. 

Slow  flux  in  the  blanket,  neutrons  per  cm^  per  second. 

I^st  flux  in  the  blanket,  neutrons  per  cm^  per  second. 

Fast  diffusion  coefficient  in  the  core,  cm. 

Slow  diffusion  coefficient  in  the  core,  cm. 

Slow  diffusion  coefficient  in  blanket,  cm. 
past  diffusion  coefficient  in  blanket,  cm. 

Fermi  age  in  blanket,  cm  . 

p 

Fermi  age  for  core,  cm^. 

Macroscopic  cross  section  for  absorption  of  slow  neutrons 
in  the  core,  cm"^* 

Macroscopic  cross  section  for  degradation  of  fast  neutrons 
to  slow  neutrons  in  t 

Macroscopic  cross  sectioii  lor  degradation  of  fast  neutrons  to 
slow  neutrons  in  the  blanket,  cm"^* 

l6*  Z  gg  =  Macroscopic  absorption  cross  section  in  the  blanket  for  slow 

17*  ^EB  ‘ 


2.  r 
3*  0i>c 
l^sc 

5*  0SB 

0FB 

?•  %c 

8.  DgQ 

9*  Dgg 

10.  Dp>g 

11-  Tb 

12.  Tc 

13.  ^ 


sc 


14.  £ 


FC 


15.  X 


FB 


neutrons,  cm  . 


Macroscopic  absorption  cross  section  in  the  blanket  for  fast 
neutrons,  cm 
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l8.  =  Infinite  multiplication  constant  in  the  core. 

19*  kg  =  Infinite  multiplication  constant  for  the  blanket. 

20.  pg  =  Resonance  escape  probability  in  the  blanket. 

21.  1?^  -  1/To 

22.  Bgo^  =  Z'go/Dgo 

23.  #  .  [(B^^  1  b2^)/3  ^  mb,,  -  1)  B^oo  B^^ 

2k,  =  R  -  JJbSsc  +  B2yj,)/2] 

25.  =  R+  [(b2sc  +  B2pc)/2] 

26.  aic  =  DgcCBsc^  +  Bic2)/D^2^^ 

27*  Oj-Q  =  Bsc(®SC^  ■  ®rC^  )/DpC®FC^ 

28.  I/Tg 

29*  BgB^  s  2i  gg/Dp0 

30.  =  ‘^hb/^ib 


2 

31* 

RB 

32.  s2 


33.  B^^  =  ^Bjb^  +  BgB^)/^  -  s 
3^-  BrB^  =  pBpB^  +  Bsb^)/22  +  S 


35.  ai 

36. 


( 


Radius  of  core,  cm. 
Radius  of  blanket,  cm- 
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37.  t' 

S 

"  ^1 

38.  ai3 

= 

®aB»SE®  - 

39-  OrB 

= 

Dga£BgB^  - 

to. 

= 

Sin  Bic  &! 

tl. 

s 

Slnh  t' 

42.  Tic 

s: 

®ic 

43.  C10 

= 

'^ic  ■  ®1C 

44. 

=s 

^lc/®iC 

*^5.  Tib 

s:: 

Bib  a^.  ®iB 

=: 

■’^IB  ■  ®iB 

47.  Ui5 

^Ib/^IB 

48. 

=3 

®sb/®sc 

49.  Brc 

s 

Sinh  Bj.^ 

50.  83^3 

= 

Slnh  ByB 

51. 

zr 

®rC  ®rC  ®1 

52.  c^c 

= 

■^rC  "  ®rC 

53.  Urc 

z= 

8rc/®rC 
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5k,  t^b 

B^B  »!  cosh  B3.3  t' 

55*  Cj-B 

“^rB  ■  ^rB 

56. 

^rB/^rB 

57. 

®Fb/°j>C 

58.  a 

“iC  -  “iB 

59*  b 

= 

°SrC  ■  “rB 

60.  c 

r: 

“rB  ■  “iB 

61.  d 

s 

62.  e 

UrC  "rB 

63.  f 

ss 

‘^(UrB  -  Uib) 

6k»  g 

= 

“iC  %C  “  “iB  ^IB 

65.  h 

^rC  l^rB 

66.  i 

Oj-B  U3.B  -  OfiB 

67.  m 

“iC  ■  “rB 

68.  n 

= 

“iC  ^iC  “tB  ^rB 

69.  r 

C'iB  "  “rC 

70.  s 

= 

^“iB  ^iB  ■  “rC  ^rC 
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80.  C  =  hs.  A. 

Src  Y 


81*  G 

82.  E 


83.  Eg  =  2.13  Dgg,  slov  extrapolation  distance,  cm* 

84.  Ep  =  2.13  Dpg,  fast  extrapolation  distance,  cm* 

85.  ~  Volvune  integral  of  slow  flux  in  core. 

86.  4jcFp^  =  Volume  Integral  of  fast  flux  in  core. 

87.  4jcEsb  e  Volume  integral  of  slow  flux  in  blanket* 

88.  4jtP__  =  Volume  integral  of  fast  flux  in  blanket. 


